The monophyletic Hydrangeeae (Hydrangeaceae) consists of the clade Cardiandra + Deinanthe and its sister, the Hydrangea clade, which includes the paraphyletic Hydrangea as well as Bmussaisia, Decumaria, Dichma, Pileostegia, Platycrater and Schizophragma. The plesiomorphic imbricate corolla aestivation and polystemony of Cardiandra and Deinanthe distinguish these two genera from most members of the Hydrangea clade. Deinanthe has postgenitally fused styles and cushion-like, dorsally positioned stigmas. The Hydrangea clade is notable because most species of Hydrangea share a floral morphology characterized by small size; tetramerous-pentamerous perianths; inconspicuous sepals; reflexed petals; diplostemony; stamens that are longer than the styles; completely inferior ovaries; separate styles; terminal, papillate stigmas; and dimerous-tetramerous gynoecia. This suite of states is termed the 'Hydrangea floral syndrome' (HFS). Various members of the Hydrangea clade lack the HFS, including (1) Platycrater; (2)
INTRODUCTION
The tribe Hydrangeeae of Hydrangeaceae includes Hydrangea and its most closely allied genera. This Hydrangea alliance when circumscribed narrowly, as was done in Hutchinson's (1927) Hydrangeeae, has generally included the climbing genera Decumaria, Pileostegia, and Schizophragma along with Hydrangea. In a broader sense, such as Engler's (1930) tribe Hydrangeeae of Saxifragaceae, Hydrangea has been allied not only with the three genera of climbers, but also with Bmussaisia, Cardiandra, Deinanthe, Dichma, and Platycrater. Engler's (1930) Hydrangeeae has been supported as monophyletic in phylogenetic E-mail: huffordthail.wsu.edu analyses based on plastid DNA, including sequences of both the rbcL (Soltis, Xiang & Hufford, 1995) and matK ) genes, and morphological data (Hufford, 1997a) . In the classification of Hufford et al. (2001; summarized in Fig. 1 ) followed here, Engler's (1930) monophyletic Hydrangeeae has been maintained and forms one of the two clades, along with tribe Philadelpheae, that compose subfamily Hydrangeoideae.
Most Hydrangeeae have inflorescences that produce both fertile and sterile flowers, and this floral dimorphism may be synapomorphic for the tribe (Fig.   1 ). The sterile flowers generally lack a n androecium and gynoecium, have a non-opening corolla, and have a n enlarged, showy calyx. This investigation is centred strictly on the morphology of the fertile flowers.
Most previous investigations of floral structure in the Hydrangeaceae have centred on comparisons with Saxifragaceae s.1. and attempted to resolve whether hydrangeaceous taxa belonged among the latter group (Payer, 1857; Morf, 1950; Gelius, 1967; Klopfer, 1971 Klopfer, , 1973 Bensel & Palser, 1975a,b; Roels, Ronse Decraene & Smets, 1997) . That phylogenetic question is now resolved, and we know that Hydrangeaceae are more closely related to Loasaceae, Cornaceae, and other members of Cornales (sensu APG, 1998) than to Saxifragaceae (Downie & Palmer, 1992; Hufford, 1992; Chase et al., 1993; Olmstead et al., 1993; 2000; Albach et al., in press ). Prior investigations of flowers of Hydrangeaceae focused on relatively few members of the family, including typically a species from Deutziu, Philadelphus, Hydrangea and, sometimes, Kimngeshoma. Few data are available on the floral diversity of tribe Hydrangeeae. Both Palmatier (1943) and Bensel & Palser (1975a) provided data on floral organography and vascular patterns in a few species of the genera Hydrangea, Decumaria, and Schizophragma. Both Morf's (1950) and Klopfer's (1971) comparative investigations of gynoecia of Saxifragaceae s.1. provided data on a few species of Hydrangea. Endress & Stumpf's (1991) Gelius (1967) provided data on the early floral development of Deinanthe caerulea Stapf, and Roels et al. (1997) investigated H. anomala subsp. petiolaris from tribe Hydrangeeae. Huffords (1998) investigation of the development of polystemony in Hydrangeaceae included Deinanthe, Decumaria, and H. anomala subsp. petiolaris. Klink (1995) described floral development in the dioecious Bmussaisia and made important morphological comparisons between staminate and pistillate flowers. Existing data on flowers of tribe Hydrangeeae are insufficient to formulate hypotheses about floral morphological evolution.
This investigation is more comprehensive in its taxonomic sampling of tribe Hydrangeeae than previous publications on floral morphology of the family. All genera of Hydrangeeae (sensu Hufford et al., 2001 ; Fig.  1 ) are included. The form and structure of postanthetic flowers of all genera of tribe Hydrangeeae and floral development. for all, except Platycrater and Broussaisia, are described in this investigation.
The recent, phylogenetic analyses of Hydrangeaceae (Soltis et al., 1995; Hufford, 1997a; Hufford et al., 2001) permit selected inferences to be made about evolutionary relationships among Hydrangeeae. For example, the morphological and matK sequence data support the placement of a Cardiandra + Deinanthe clade as the sister to the rest (=the Hydrangea clade; Fig. 1 ) of tribe Hydrangeeae. The Hydrangea clade (Hufford, 1995 (Hufford, , 1997a Soltis et al., 1995) is the most inclusive monophyletic group that includes species of the genus Hydrangea (sensu McClintock, 1957) . Thus, a second important inference based on the recent phylogenetic analyses is that Hydrangea is paraphyletic with regard to Bmussaisia, Decumaria, Dichroa, Pileostegia, Platycrater, Schizophragma (Fig. 1) . Within the Hydrangea clade, key monophyletic groups resolved to date include the Schizophragma clade, macrophylla clade, aspera clade, and the anomala clade ( Fig. 1 ).
This study of diversification includes the characterization of the floral forms present among Hydrangeeae and inferences of morphological transformation based on phylogenetic hypotheses. The morphological analysis includes the description of postanthetic floral forms and the ontogenies that underlie those forms. Those data are optimized on cladograms from Hufford et al. (2001) to provide inferences on the patterns of morphological diversity in the clade.
MATERIAL AND METHODS
Floral materials were collected from natural populations and botanical gardens (Table 1) . Postanthetic flowers and buds near anthesis were sampled for all genera of tribe Hydrangeeae. This sampling included two species of both Schizophragma and Decumaria and six species of Hydrangea. Inflorescences with preanthetic floral buds were sampled for morphological studies of organogenesis and bud enlargement phases of development. No material of Platycrater or Broussaisia (developmental data for the latter are available in Klink, 1995) was available for study of early developmental phases of flowers. All other genera of Hydrangeeae were sampled for developmental studies, and this included two species of Deinanthe and Decumaria and six species of Hydrangea. Herbarium specimens from most species of tribe Hydrangeeae have been examined, and some merosity and morphological data have been obtained from them.
Flowers and inflorescences from living specimens were fixed in formalin-acetic acid-alcohol (50%). Speci-FLOWERS OF HYDRANGEEAE 141 mens for scanning electron microscopy were dehydrated in a graded ethanol series, critical point dried, mounted on metal stubs, coated with gold, and examined at 10-20 kV. Specimens for histological study were dehydrated in a graded tertiary butyl alcohol series, embedded in Paraplast, microtome sectioned at 8-14 pm, mounted on slides, and stained with safranin and fast green for light microscopy.
The taxonomy of Hydrangea is treated following the monograph of McClintock (1957) , except in her treatment of H. anomnla D.Don. The two subsp. she recognized are considered here to be distinguished by the following androecial differences: subsp. anomala is diplostemonous and subsp. petiolaris is polystemonous.
RESULTS

POSTANTHETIC FLOWERS
General features
The flowers are perfect and complete (Figs 2-7), except in Broussaisia. The functionally dioecious Broussaisia has male flowers that have a sterile pistillode, and the female flowers lack stamens or have rudimentary staminodes (Figs 8, 9) . The flowers are epigynous, having ovaries that are about one half to fully inferior (except male flowers of Broussaisia, in which the sterile ovary is about one-third inferior). The flowers of all members of the clade have rotational symmetry.
Merosity
Meristic variation is common among Hydrangeeae. Calyces and corollas are typically tetramerous or pentamerous in most members of the clade, although hexamery is common in the following taxa in which between five and ten flowers from different specimens (except Deinanthe caerulea) were examined: Deinanthe bifida Maxim.: calyx 5(-6), corolla 5-8 (hexamerous corollas are nearly as common as pentamerous in flowers that have a pentamerous calyx); Deinanthe caerulea ( N = 5 from a single specimen): calyx 4(-6), corolla 5-6 (generally one more petal than sepal); Dichroa philippinensis Schltr: calyx 5-6, corolla 556; Dichroa febrifuga Lour.: calyx 5 , corolla 5; Broussaisia alguta male: calyx 5(-6), corolla 5(-6); female: calyx 556, corolla 5-6. Decumaria varies notably from common patterns of perianth merosity (Fig. 10 ). Both species of Decumaria have perianths that are most commonly octamerous, although they range from hexamerous to dodecamerous. The number of appendages in the calyx is seldom the same as the number in the corolla of Decumaria.
Most species of Hydrangeeae have an androecium that is diplostemonous. The species of Cardiandra (Fig. 6) , Decumaria (Fig. lOC) , Deinanthe (Fig. 5) , and Platycrater ( Fig. 7 ) as well as Hydrangea anomala RBG Kew 50433 (Hufford 1291 WSl) subsp. petiolaris are polystemonous. Haplostemony is known only from two species of Dichma (Hwang, 1987) . The gynoecia of most species of Hydrangeeae are usually dimerous or trimerous, although tetramery and pentamery can be found in some flowers. These species are centred on Hydrangea (Fig. ll) , Cardiandra (Fig. 12 ), and Platycrater (Fig. 13) . I n contrast, pentamerous gynoecia are most common in Schizophragma (Fig. 14) , Pileostegia (Fig. 15) , Dichma, Deinanthe (Fig.  IS) , and the female flowers of Bmussaisia (Fig. 17) .
Tetramerous gynoecia are, however, common in Bmussaisia and Dichma (Fig. 16 ). Philippine populations (N = 6) of Dichma philippinensis had an equal number of flowers with trimerous a n d tetramerous gynoecia.
Gynoecia of Decumaria (Fig. lo) , like other floral appendage series, have a high merosity.
Calyx
The sepals are in whorls. Calyces of Hydrangeeae are typically small and inconspicuous, except in Deinanthe and Platycrater, in which the sepals are relatively longer. The sepals of Deinanthe are ovate and entirely free; in contrast, all other members of the clade have basally connate sepals that are more-or-less triangular (figures in Hufford, 1997a) , except in Bmussaisia in which they have nearly parallel sides and an apex that is rounded. Calyx aestivation is valvate, except in Deinanthe, which is imbricate (quincuncial).
Corolla
The petals are in whorls. They have an imbricate (quincuncial) aestivation in Cardiandra (Fig. 12c) and Deinanthe, but are valvate in all other members of the clade. Superficially, Decumaria can appear imbricate; however, this is because it often has petals in more than one whorl. Petals in each whorl of Decumaria are valvate.
The corollas of most Hydrangeeae are choripetalous. Individual petals of most members of the clade range from having nearly parallel sides that converge apically (including various Hydrangea species that have early abscising petals, Pileostegia, and Schizophragma) to ovate-elliptical (e.g. Decumaria, Deinanthe, Dichma, Cardiandra, Platycrater, and male flowers of Bmussaisia) (figures in Hufford, 1997a Fig. 10 . Decumaria barbara. A, synascidiate zone. B, transition region between synascidiate zone and symplicate zone. C, superior portion of the ovary in which there is an apical septum. Fig. 11 . Hydrangea hetemmalla. A, synascidiate zone. B, symplicate zone. Fig. 12 
And m c i u m
Members of tribe Hydrangeeae that are diplostemonous have the outer whorl of stamens in antesepalous positions and the inner whorl in antepetalous positions. Polystemonous androecia are found only in Cardiandra, Decumaria, Deinanthe, Platycrater, and Hydrangea anomala subsp. petiolaris, and their stamen arrangements have been described previously (Hufford, 1998) . The androecia are apostemonous (stamens not united). The stamens stand erect or angle slightly outward from the centre of open flowers.
The stamens have discrete filament and anther regions. Filaments are basally bifacial, having elliptical transections, but trapezoidal to circular in transection through midlength t o the base of the anther. Anthers are small (based on the Endress & Stumpf [1991] length categories), except some of those of Dichma, which are slightly longer and fit the mid-sized category. Anthers are dithecate and tetrasporangiate . The endothecium consists of a single cell layer , except at the ends adjacent to the connective on the abaxial side of the anther at which 2 4 layers are present for a short distance. Two to three layers of thin, elongate cells are positioned between the endothecium and tapetum. Endothecium is limited t o the thecal regions. Thecae have septa between pollen sacs (sensu Endress & Stumpf, 1991) .
The anthers of all Hydrangeeae have largely similar forms . All , except Dichma (Fig. 36) , have thecae that extend below the juncture of the filament with the anther and extend above the upper limits of the connective apex ('X-shaped anthers fide Endress & Stumpf, 1991) . In Dichma, the distal ends of the thecae are at the same level as their junction with the connective or only slightly higher (Fig. 36) . Some anthers of Dichma have a slight connective protrusion that extends above the level of the thecae. The thecae are longitudinally arcuate, and both their distal and proximal ends converge in Deinanthe (Figs 23, 24) , Hydrangea anomala subsp. petiolaris (Fig. 29) , Decumaria , Pileostegia (Fig. 32) , and Schizophragma (Fig. 31) . The distal ends of the thecae of Cardiandra alternifolia Siebold et Zucc. are widely separated, and there is limited convergence (Fig. 25) . The proximal ends of the thecae are largely parallel rather than converging in Platycrater (Fig.  30 ). There is no notable convergence of thecae at either the proximal or distal ends in Broussaisia, Dichma (Fig. 36) , and most examined species of Hydrangea (Figs 26, 27) . Thecae in these taxa appear more-orless parallel. The proximal convergence of the thecae in most examined Hydrangeeae creates a pseudopit (sensu Endress & Stumpf, 1991) in which the filament joins the anther. Stomia extend over both the dorsal and proximal shoulders (sensu Hufford & Endress, 1989) of the thecae, facilitating wide openings at dehiscence. Mast Hydrangeeae have latrorse dehiscence, except Bmussaisia (Fig. 21) and Decumaria sinensis O h . (Fig. 34 ) in which the anthers are more arcuate in transection and have an introrse dehiscence. Anther surfaces are often flattened and creased from the compression of adjacent stamens, which are tightly packed in floral buds (Figs. 26, 27) .
Based on the connective:thecae thickness categories of Endress & Stumpf (1991) , most members of tribe Hydrangeeae have connectives that are midthick and somewhat over half the thickness of the thecae. In Deinanthe (Fig. 20) and Cardiandra (Fig. 19) , the connective is nearly as thick as the thecae and, presumably, fits the thick category of Endress & Stumpf (1991) . Both the dorsal and ventral surfaces of the connective region are set back from the faces of the thecae, except in Decumaria sinensis (Fig. 35) . Its anthers have a prominent protrusion on the dorsal side of the connective that bulges beyond the limits of the dorsal faces of the thecae. The connective surface on the abaxial side of the anthers of Decumaria barbara L. also is slightly convex but does not extend to the dorsal faces of the thecae. Schizophragma has a slightly convex form, often with paired ribs, on the dorsal side of the connective. The adaxial side of the anthers of Bmussaisia, Dichma, H. arborescens, and H. hetemmalla among the investigated taxa has the two thecae directly adjacent to one another along their full length and a deep invagination between them that extends to the unexposed ventral side of the connective. Stomata are present both on the dorsal and ventral surfaces of anther connectives in those taxa (including Decumaria, Deinanthe, Schizophragma, and various species of Hydrangea) that possess broad, exposed connective surfaces. The connective stomata of Deinanthe caerulea were particularly prominent because the guard cells are raised above the surface of the epidermal cells (Fig. 24) . Despite the broad, exposed surface on both the dorsal and ventral sides of the connective of Cardiandra, stomata were not observed.
Gynoecium
Because flowers of tribe Hydrangeeae are epigynous, it is useful to distinguish an inferior region of the gynoecium as that portion below the insertion of the perianth and androecium from the superior region, which is the portion above the insertion of the perianth and androecium (Fig. 37) . The superior region of the gynoecium can include the stigma and style as well as part of the ovary (Fig. 37) . Thus, it is useful t o distinguish also inferior and superior regions of the ovary as divided by the plane at the insertion of the perianth and androecium (Fig. 37) . Taxa of tribe Hydrangeeae differ in the ratio of the length of the superior region of the ovary t o the inferior region. The ovary has little or no superior region (i.e. it is largely completely inferior) in Schizophragma, Platycrater, Pileostegia some Dichma and various species of Hydrangea. In these species of Hydrangea, the apex of the ovary is flat. In Platycrater, Schizophragma and Pileostegia, the apex of the ovary is a slightly rounded dome (which occurs in the two latter genera because of the protrusion of nectary tissue). The superior region is more prominent, although equal in length or shorter than the inferior region in other members of the tribe. Fig. 23 . Deinanthe bifida. Arrow indicates one of the sunken stomata in the surface of the connective. Fig. 24 . Deinanthe caerulea. Arrow indicates one of the protrusive stomata on the surface of the connective. Fig. 25 . Canliandra alternifolia. Fig. 26 . Hydrangea arborescens. Fig. 27 . Hydrangea heteromalla. Fig. 28 . Hydrangea macrophylla. Arrow indicates stomata. Fig. 29 . Hydrangea anomala subsp. petiolaris. Fig. 30 . Platycrater alguta. Scale bars =0.05 mm in Fig. 22 (Fig. 10B, C ) , the ovarian septa are discontinuous only in the midregion of the ovary. Placentae are found in the uppermost part of the synascidiate zone and over most of the length of the symplicate zone of the ovary. Most ovules are inserted in the symplicate zone. Among the examined taxa, ovules are orientated upward in Cardiandra (except in the lowest portion of placentae, where they angle downward) and H. hetemmalla, horizontal in Bmussaisia, Deinunthe (except in lower part of placentae, where they angle downward), Dichma, H. anomala subsp. petiolaris, H. hirta, H. rnacmphylla, Platycrater, and downward in Decumaria, Pileostegia, and Schizop h ragrn a.
Most members of tribe Hydrangeeae have completely separate styles, which are erect and closely appressed in preanthetic buds and recently opened flowers. After the stamens spread outward (and anthers begin to dehisce), the styles begin to separate, curving gently outward from the base (Figs 44, 48) . Schizophragrna (Fig. 38) , Pileostegia (Fig. 40) , Decurnaria (Fig. 41) , Bmussaisia (Fig. 9) , Dichma ( Fig. 43) and Deinanthe (Fig. 53) have partially to completely synstylous flowers. Styles of Dichroa are unified only a t the base (Fig. 43) in contrast to the complete unification found in these other genera. The stylar unification of Deinanthe contrasts with the others in forming postgenitally. The style of Deinanthe has a bottle brush-like form because cells that lack large vacuoles and stain deeply are located in the superficial layers of the ovarian dome (extending the length of the relatively short style of Bmussaisia) (Fig. 59) . Stomata in the nectary region provide openings to the ovary surface (Figs 58, 59 ). These stomata are sunken slightly in most of the investigated taxa (Figs 58, 59 ), although they are raised in Deinanthe (Fig. 60) . Figure 37 . Diagram of an epigynous flower of Hydrangeeae. The inferior region of the gynoecium (B) is that portion below the insertion of the perianth and androecium (dashed horizontal line), and the superior region (A) is the portion above the insertion of these appendages. The superior region of the gynoecium can include the stigma and style as well as part of the ovary. It is useful also to distinguish between the inferior @) and superior (C) regions of the ovary as being divided by the same plane at which the perianth and androecium are inserted.
of the long, oval protrusions in its distal region (Fig.  53) . Decumaria (Fig. 41) , Pileostegia (Fig. 40) , Schizophragma (Fig. 38 ) and female flowers of Bmussaisia (Fig. 9 ) have head-like stylar caps. Male flowers of Bmussaisia have a less pronounced, knob-like swelling at the apex of a short style. In Schizophragma (Fig. 38) , Decumaria sinensis, and female flowers of Bmussaisia, the capitate heads of the styles have prominent lobes. The lobes are less distinctive in Pileostegia (Fig. 40 ) and absent in Decumaria barbara (Fig. 41 ) and male flowers of Bmussaisia. Unlike those of other examined taxa, the styles of Deinanthe have prominently raised stomata (Fig. 53) .
The five genera that are completely synstylous have stigmas positioned along furrows on the outer surface of the stylar apex (Figs 3842, 53, 54) . Those 
Idioblastic cells
Crystalliferous idioblasts are common in floral tissues of investigated Hydrangeeae. These idioblasts are larger than surrounding cells (Fig. 61 ). They contain a darkly staining mucilage in addition to a bundle of raphide crystals (Fig. 194) . Although the density of crystalliferous cells differs in different parts of flowers and among the taxa, they are present in all floral appendages. They tend to be especially dense in anther connectives and ovarian placentae and septa. In the anther connectives, most crystals tend to be aggregated near the thecae. In some taxa, especially the tropical endemics Bmussaisia and Dichma, the crystalliferous idioblasts are particularly dense in the styles.
Tanniferous cells are common in most floral appendages (including both dermal and ground tissues) of most investigated taxa. The densities and specific locations of tanniferous cells varied among the taxa. Tanniferous cells were especially prominent and widely distributed in flowers of Bmussaisia and Deinanthe. They tended to be most dense among the taxa in the gynoecial placentae, septa, and styles (e.g. Figs 56, 59). In some taxa (e.g. Schizophragma), tanniferous cells were uncommon in stamens; whereas, in taxa such as Cardiandra they were common and prominent in the anther connectives. Tanniferous cells are largely lacking in flowers of Dichma (observed only in short aggregations of cells in the inner hypodermal layer of the ovary wall in one collection). Tanniferous cells have not been found in floral tissues of Decumaria barbara.
FLORAL DEVELOPMENT
Common features
All investigated taxa begin floral development with the initiation of a tight helix of sepals on the periphery of the floral apical meristem (Figs 62, 63, 71, 90, (96) (97) (98) 171, 172, 184, 185, 199) . The height of the floral apical dome is diminished during sepal initiation because of the upgrowth of the peripheral tissue subjacent to the calyx. Petals are initiated nearly simultaneously in positions centripetal to the sepals and usually alternating with them (Figs 64, 72, 91, 92, (98) (99) (100) 116, 173, 174, 186, 187, 200, 201) . The peripheral upgrowth 114, 115, 123, 124, 127, 128, [135] [136] [137] 142, 143, 152, 117, 124, 125, [128] [129] [130] [135] [136] [137] [138] [143] [144] [145] [153] [154] [155]  subjacent to both the calyx and corolla primordia causes the conformation of the floral apex to shift from flat to concave. The tissue between the central apical dome and the bases of the individual sepal and petal primordia will be described here as hypanthium.
Stamens are initiated on the inner flank of the hypanthium just subjacent to the insertion of the petals (Figs 66, 67, 74, 93, 102, 105, 118, 131, 139, 146, 155, 156, 175, 188, 201) . In diplostemonous taxa, an initial whorl of the androecium forms in which stamens are in antesepalous positions, and, subsequently, a whorl forms in which stamens are in antepetalous positions ( 106, [119] [120] [121] [139] [140] [141] [146] [147] [148] 156, 157, 159, 160, [176] [177] [178] [179] [201] [202] [203] [204] [205] [206] [207] . Among the polystemonous taxa, the first set of stamens also arise in median antesepalous positions (although variations in Decumaria are described below) and, subsequently, additional stamens form on the lateral flanks of each initial stamen 74, 75, 93, 94, 132, (188) (189) (190) (191) 195, 196 68, 70, 75, 76, 80, 93, 94, 102-104, 119, 120, 131, 139-141, 147, ther initiation is marked by subapical broadening and dorsiventral flattening of each peg-like stamen primordium (Figs 94, 95, 106, 107, 121, (177) (178) (179) (180) (181) 197, (206) (207) (208) . The anther region thickens both radially and tangentially. The lateral margins of the anther flatten and each also forms a centrally positioned longitudinal furrow, marking the inception of the thecae and stomia (Figs 109, 112, 149, 161, 182, 208, 209) . During early thecal development, the anther has a small distal protrusion, but this is lost in the course of anther enlargement as the apical and basal shapes of the thecae change (Figs 107, 109, 112) . As the stamen enlarges, the distal and proximal shoulders of the thecae elongate, resulting in the projection of the thecae above the distal most point of the connective and below the connective/filament junction a t the proximal end.
Gynoecial development begins with the formation of a toral mound in the angle between the flat floral apex and the hypanthium. This torus forms on its rim a set of primordial lobes, corresponding to the locations of the individual carpels of the syncarpous gynoecium (Figs65, 66, 73, 74, 93, 104, 119, 120, 131, 132, 140, 147, 158, 176, 189, 190, 205) . Hypanthial growth continues during the formation of the gynoecial torus, effectively raising its position and creating a zone subjacent to the torus where the lateral walls of the ovary form. These lateral walls begin as rib-like ingrowths on the inner flank of the hypanthium in positions that alternate with the distal lobes (Figs 67, 75, 93, 104, 147, 159, 177, 178, 190, 191, 195, 206) . The ribs are continuous distally with the margins of adjacent lobes on the rim of the torus. The rib-like ingrowths and upgrowth of the now plicate distal lobes give each carpel a cowl-like form (Figs 69, 75, 93, 108, 111, 159, (156) (157) (158) (159) 175, 176, (188) (189) (190) (191) 195, 196, (203) (204) (205) ). An- 177, 178, 191, 192, 196, 197, 206, 207) . Upgrowth across the residual floral apical meristem makes the lateral walls continuous across the base of the gynoecium. This basal part of the gynoecium in which the lateral walls are united across the base of the ovary is the synascidiate zone. Over most of the length of the ovary the lateral walls of the carpels are discontinuous across the centre of the ovary, forming a symplicate zone. Placentae form on the lateral carpellary walls in both the basal synascidiate and distal symplicate zones.
Each distal lobe that forms on the gynoecial torus contributes only to a style during gynoecial development. After the styles become plicate, the ventral side of each style elongates more rapidly than the dorsal. This extends the 'ventral' furrow to and, ultimately, over the apex of the style (Figs 69, 75, (80) (81) (82) (83) (179) (180) (181) (182) 192, 193, 197, 198, (207) (208) (209) (210) (211) . Although stigma positions differ somewhat among Hydrangeeae, they always form from tissue adjacent to the stylar furrow at either the apex of the style or on the dorsal side (Figs 38, 39, (40) (41) (42) 44, 45, 49, 50, (85) (86) (87) (88) (89) 113,  The axil of the gynoecial torus and the hypanthium serves here to demarcate the transition between the superior and inferior regions of the gynoecium (cf. Fig.  37 ). Extension occws in both regions, although the rate and extent of growth in the superior relative to the inferior region differs among the taxa. The taxa also differ in whether the growth in the synorganized torus extends upward to contribute to the superior region of the gynoecium or whether all congenitally synorganized tissue is in the inferior portion of the gynoecium. 109, 111-113, 121, 122, 148-150, 161, 162, 165-167, 166-168,211-214) .
Deinanthe
The floral apex is shallowly convex through most of sepal initiation but is largely flat by the end (Figs 62, 63). The corolla is initiated on the flattened apex, over which the sepals have begun to curve hyponastically (Fig. 64 ). Most petal primordia alternate with sepals; however, because both species of Deinanthe commonly Superior region of the gynoecium, showing separate stylar lobes (asterisks) after the 'ventral' furrows (arrows) have extended to and over the stylar apices. Fig. 82 . During the elongation of the stylar lobes (asterisks), pronounced growth at the distal end results in the extension of the zone in which a furrow (arrows) is present on the dorsal sides of the styles. Fig. 83 . Elongation in the distal 'dorsally furrowed zone of the styles is particularly extensive in the phase prior to the stigma development. These styles have a dorsally furrow zone that is longer than the basal region, which lacks a dorsal furrow. Arrows indicate dorsal furrows. Stigma development is beginning. have more petals than sepals, at least one petal per flower and less often two or more will form in an antesepalous rather than alternisepalous position (Figs 15, 73) . The antesepalous petal is usually the last formed. The apical conformation shifts from flat to concave during petal illitiation 71, 72) .
It is unclear whether the androecium is initiated before the gynoecium. The gynoecial primordia become distinctive earlier than stamen primordia, but this could be a consequence of a greater rate of growth in carpel than in stamen primordia 73, 74) .
Stamen initiation in the polystemonous Deinanthe has been described by Hufford (1998) . The androecium is distinguished by the formation of approximately eight whorls of stamens in flowers of D. bifida and 6-7 whorls in D. caerulea. In Deinanthe, the portion of the hypanthium (termed the 'epigynoecial' zone) between its junction with the gynoecium and the insertion of the perianth continues to extend upward after the initiation of the whorl of antesepalous stamens. In most other members of the family, the epigynoecial zone of the hypanthium extends little after the illitiation of the initial antesepalous stamens. The hyperextension of the epigynoecial zone of the hypanthium in Deinanthe creates space that is adopted by the androecium for the formation of numerous stamens 70, 74, 76) . During their early development, individual stamens project horizontally over the centre of the flower 75, 76) .
During its early development, zonal growth in the gynoecial torus extends the synorganized zone in both the superior and inferior regions. The inferior region extends at a greater rate than does the superior region. The synorganized portion of the superior region differentiates as ovary and does not become incorporated in the development of the styles 85, 88) . The distal lobes of the gynoecium, in which the individual carpels are separate, differentiate as styles (J<,igs 83-89) .
At the apex of each style, a zone develops in which the furrow is present on both the ventral and dorsal sides (Figs 82, 83, 85, 88) . Growth at the apex of the style results in the elongation of this ventrally and dorsally furrowed zone to become nearly half the total length of each style by anthesis (Fig. 88) . The separate styles remain closely appressed as they elongate (Fig.  77 ), although they ultimately fuse postgenitally along their lateral margins (Figs 78, 79) .
Stigma differentiation is localized in cells along the furrow on the dorsal side of each style. Stigma differentiation begins when cells on facing sides of the furrow begin to fuse postgenitally (Fig. 84) . Subsequently, cells along the furrow begin to elongate perpendicular to the long axis of the furrow (Fig. 86) . This causes the regions adjacent to the furrow, where these elongating cells are located, to bulge outward, forming a pair of cushion-like zones in the distal half of each style (Fig. 85) . The boundaries of the individual elongating cells in the cushion-like zone begin to disappear, and the surface of the stigmatic zone becomes smooth (Fig. 87) . As the cushion-like bulges enlarge (Figs 87, 88) , they begin to secrete fluid onto the surface of the stigma (Figs 87, 89) . The entire stigma is covered ultimately by these secretions (Figs 54-57 ).
Cardiandra Sepals begin to curve hyponastically over the floral apex by the time of corolla initiation (Fig. 91) . Petals are initiated on a largely flat floral apex, and, during their initiation, the apex shifts from convex to concave (Figs 91, 92) . After the polystemonous androecium forms antesepalous triplets (Fig. 93) , either a set of median antepetalous stamens form directly or an additional pair of lateral flanking stamens arise outside of each antesepalous triplet (resulting in five stamens opposite each sepal instead of just an antesepalous triplet), which is then followed by the initiation of stamens in median antepetalous positions (Hufford, 1998; Figs 12C, 94) . The gynoecial torus forms after the origin of the initial antesepalous stamens. Although six lobes appear to form on the distal surface of the torus, further extension shows clearly the presence of three primary lobes (in the examined developmental specimens) that correspond to the three carpels found most commonly in the gynoecium (Figs 93, 95) .
By the time the three-lobed gynoecium is established, the relatively stubby stamen primordia lie against the surface of the superior portion of the gynoecium (Figs 94, 95) . The median antesepalous stamens elongate and arc over the superior portion of the ovary. In contrast, the lateral flanking stamens and those positioned between adjacent antesepalous groups form a sharp hook in their filaments and turn downward, such that the apex and adaxial face of their anthers rest snugly against the superior part of the ovary (Fig. 95) .
At the time when the three lobes of the carpels first become prominent on the developing gynoecial torus, the centre of the gynoecium is open. The lobes angle inward as they elongate, but they also undergo radial thickening. The radial thickening causes the transectional shape of these stylar primordia to shift from arcuate to more ovate. The inward direction of early growth in the stylar lobes and their changes in transectional shape largely effect the closure of the gynoecium. Only a small opening remains at the centre of the appressed styles.
Differential elongation of the ventral and dorsal sides of the styles results in the extension of the dorsally-furrowed region of each style for only a short distance. With the approach of anthesis, the cells directly surrounding the furrow at the apex of each style elongate to form stigmatic papillae (Fig. 45) . The styles are separate but remain closely appressed until near anthesis, when they curve outward from one another (Fig. 44) .
Hydrangea
Most investigated species of Hydrangea have sepals that form relatively low on the curve of the floral apical meristem, and the apical dome remains convex through calyx initiation (114) (115) (116) (123) (124) (125) (127) (128) (129) (135) (136) (137) . Similarly, most of the investigated species have relatively limited development of the sepals at the time of corolla initiation, and they do not begin to curve hyponastically over the floral apical meristem until well after the petals are established 11~118, 125, 126, (129) (130) (131) (132) (137) (138) (139) (140) (141) . Hydrangea macrophylla is an exception among the investigated species. The positioning of its sepals at their initiation is much higher on the floral apical meristem than in other investigated species of Hydrangea (Figs 142, 143) . Its apical meristem flattens by the end of calyx initiation (Fig. 143) , and its sepals begin to curve hyponastically over the floral apical meristem during the early organogenesis of the corolla (Figs 144, 145) .
Corolla organogenesis varies among the investigated species of Hydrangea. Hydrangea macrophylla forms petal primordia on a largely flat floral apex (Fig. 144) ; whereas, the other investigated species form them on the flanks of a convex floral apical meristem (Figs 99, 116, 117, 124, 125, 128, 129, 135, 136) . Corolla development involves both upgrowth in a ringlike zone and the formation of independent primordia. The independent petal primordia are more pronounced than the ring in H. arborescens (Figs 125, 126) and H. macrophylla (Fig. 144) (Figs 136-138 ), a toral mound forms on the periphery of the floral apical meristem above the calyx to begin the development of the corolla. Individual petal primordia form on the coralline torus. In H. anomala subsp. petiolaris, the lateral margins of adjacent petals fuse postgenitally during bud expansion (Fig. 132) . The shift to a concave floral apical meristem occurs during the transition between calyx and corolla development in H. macrophylla (Figs 143-145 ) and during corolla development in the other examined species (116) (117) (118) 125, 126, (128) (129) (130) (135) (136) (137) (138) . In H. arborescens (Figs 124, 125) , H. heteromalla (Figs 97, 98) , and H. quercifolia (Figs 115, 116) , the apex flattens as the petal primordia are initiated and becomes prominently concave by the end of petal initiation. The change from convex to concave in H. anomala subsp. petiolaris (Figs 129, 130 ) and H. serrati folia (Figs 136-138 ) occurs during toral development and precedes the initiation of individual petal primordia.
All investigated Hydrangea (118) (119) (120) (121) 126, (139) (140) (141) , except H. anomala subsp. petiolaris, have diplostemonous androecia that develop as described above. The antepetalous stamens of the diplostemonous taxa are initiated just before the beginning of anther development in the antesepalous stamens. The polystemonous H. anomala subsp. petiolaris forms only antesepalous triplets (Hufford, 1997b (Hufford, , 1998 Figs 131, 132) . The lateral flanking stamens that form directly following and immediately adjacent to the median antesepalous stamens arise without the delay that occurs between the initiation of antesepalous and antepetalous stamens in the diplostemonous taxa. Some flowers of H. anomala subsp. petiolaris have been observed to form median antepetalous stamens after the antesepalous triplets are established (Hufford, in press).
Stamens curve sharply toward the centre of the flower prior to the beginning of anther development (Figs 104, 120) . After anther formation, both the antesepalous and antepetalous stamens of diplostemonous taxa become closely appressed to the style (Figs 106, (109) (110) (111) 121, 148, 149) . As the petals elongate, they come to rest tightly against the abaxial surfaces of the stamens (Figs 106, 110, 111, 121, 122) . The filaments of antepetalous stamens bend sharply, causing the apex of the anthers to point downward (Figs 112, 122, (149) (150) (151) . Most stamens in the polystemonous H. anomala subsp. petiolaris also curve downward in floral buds (Figs 133, 134) . The filaments of the median antesepalous stamens as well as those of the lateral flanking stamens of H. anomala subsp. petiolaris elongate extensively prior to anthesis and form a set of folds to accommodate their length in the tightly packed bud (Fig. 134) . The 'unfolding' of these stamens of H. anomala subsp. petiolaris at anthesis pushes the calyptrate corolla from the top of the floral bud, and the erect stamens project at a slight angle from the corolla-less flower. At anthesis in the diplostemonous taxa, the stamen filaments elongate and, as the antesepalous stamens spread slightly outward, the antepetalous stamens become erect.
Gynoecial development begins just before the initiation of the antepetalous stamens. The styles form only from the independent lobes of the gynoecial torus and do not incorporate any of the synorganized part (Figs 106, 109, 111, 112, 122, (147) (148) (149) (150) . Each style has a ventral furrow that extends to or slightly over the apex (Figs 108, 109, (111) (112) (113) 122, 149, 150) . A stigmatic zone differentiates in the tissue surrounding the furrow at the apex of the style (Fig. 113) . This involves primarily the formation of papillae (Fig. 4 7) . The styles of the investigated species of Hydrangea remain closely appressed during bud expansion; however, at anthesis, they spread slightly apart and in some taxa curve outward (e.g. H. serratifolia; Fig. 48 ).
Schizophragma
Early floral organogenesis in Schizophragma proceeds largely as described above for most investigated species of Hydrangea, especially in regard to the limited development in the calyx at corolla inception . Schizophragma forms a torus rather than individual petal primordia at the beginning of corolla development (Figs 153, 154) . Petal primordia form on the torus (Figs 154, 155) . The conformation of the floral apex becomes concave during the enlargement of the torus before individual petal primordia become visible (Figs 153, 154) . As petals elongate, they arch sharply over the centre of the bud, and their converging, closely positioned acute apices extend downward (Figs 158,  160) . The lateral margins of adjacent petals often cohere, sometimes via the interdigitation of papillate epidermal cells (Figs 163, 164 ). This coherence is generally tenuous.
Schizophragma has a diplostemonous androecium that forms as described above (Figs 156, 157, 159, Figures 114-122 . Floral development in Hydrangea quercifolia. Fig. 114 . Sepal (asterisks) initiation. Fig. 115 . Floral apex after sepal (asterisks) establishment. Fig. 116 . Floral primordium after the inception of the petals (asterisks). Fig. 117 . Floral primordium after the shift to a concave apex. Petals are indicated by asterisks. Fig. 118 . Bud after the inception of the whorl of antesepalous stamens (arrows). Fig. 119 . Floral apex at the inception of the gynoecium in the centre of the flower. Fig. 120 . Portion of a floral bud in which the gynoecial torus (asterisk) has begun upgrowth. Fig. 121 . Floral bud from which the sepals have been removed. Anthers have begun to form on the stamens. Fig. 122 . Floral bud from which the sepals have been removed. Filaments of antesepalous stamens have curved inward, resulting in the downward orientation of their anthers. The stylar furrow has extended over the distal terminus of each style. Scale bars = 0.05 mm. Abbrevi ations: ap = antepetalous stamen; as = antesepalous stamen; b =bract; p =petal; s =sepal; stl =style. 160). The adaxial faces of the a nthers of antesepalous stamens rest ultimately against the surface ofthe style during bud enlargement (Figs 160-162, 165, 170) . The antepetalous stamens are orientated horizontally or downward in buds (Fig. 170) . The filaments of the antesepalous stamens elonga te extensively prior to anthesis and form folds to accommodate their length in the tightly packed bud. When the petals abscise Fig. 127 . Early initiation of sepals (asterisks). Fig. 128 . Floral primordium after the establishment of the sepals. Fig. 129 . Floral primordium at the inception of the corolline torus (asterisk). Fig. 130 . Bud after the establishment of the petals. Fig. 131 . Bud after the inception of t h e gynoecial torus (asterisk). Scale bars = 0.05 rnm. Abbreviations: as = antesepalous stamen; b = bract; p =petal; s = sepal.
at anthesis, the antesepalous stamens 'unfold' and extend, and the antepetalous stamens become erect.
The superior portion of the gynoecium has a synorganized zone as well as a distal zone of free lobes that are both incorporated in the style (165) (166) (167) Fig. 132 . Bud from which ihe calyx has been removed. The polysiemonous androecium has been established. The development of the gynoecial torus (asterisk) has been initiated. The petals are postgenitally fused along their margins (arrow). Fig. 133 . Longitudinal section of bud. Curvature of the stamen filaments has resulted in the downward orientation of some anthers. Fig. 134 . Bud from which the corolla has been removed. The filaments of some stamens are sinuously curved. Figs 135-140. H. serratifolia. Fig. 135 . Floral apical meristem on which there is the simulataneous initiation of sepals and corolla (asterisks). Fig. 136 . Floral apical meristem during the development of the corolline torus on which independent petal primordia (asterisks) are borne. Fig. 137 . Floral apical meristem during the early development of the perianth. Petals indicated by asterisks. Fig. 138 . Bud near the inception of the antesepalous stamen primordia. Fig. 142 . Floral apical meristem during the initiation of sepals (asterisks). Fig. 143 . Floral apical meristem after the establishment of the sepals. Fig. 144 . Floral apical meristem during the initiation of the corolla (petal primordia indicated by asterisks). Fig. 145 . Floral apical meristem during the development of the corolline torus (petal primordia indicated by asterisks). Fig. 146 . Bud from which most sepals have been removed. Arrows indicate antesepalous stamen primordia. Fig. 147 . Bud from which the sepals and three petals have been removed. Stylar primordia (asterisks) have formed on the gynoecial torus. Antepetalous stamens are forming (arrows). Fig. 148 . Bud from which t he perianth has been removed. All stamens are closely appressed to the styles, and anther development is underway. Fig. 149 . Section of a bud from which the perianth has been removed. The ventral furrows of the styles have not yet extended over t h e apex. Scale bars = 0.5 mm. Abbreviations: ap = antepetalous stamen; as = antesep alous stamen; p = petal; pl = placenta; s = sepal; stl = style. Fig. 154 . Floral apical meristem after all petals have been established and the apex has shifted from convex to concave. Fig. 155 . Bud just prior to the initiation of the androecium. Fig. 156 . Bud after the whorl of antesepalous stamens have formed. Fig. 157 . Bud during the formation of antepetalous stamens (arrows). Fig. 158 . Bud after the gynoecial torus (arrow) has formed. Scale bars = 0.05 mm. Abbreviations: ap = antepetalous stamen; as = antesepalous stamen; p = petal; s =sepal; stl =style.
Figures 159-167. Floral development in Schizophragma hydrangeoides. Fig. 159 . Bud in which ingrowth of carpellary lateral walls (arrow) has begun. Gynoecial torus indicated by asterisk. Fig. 160 . Bud in which anther development has begun in both antesepalous and antepetalous stamens. Anthers of both sets are pressed closely against the styles (asterisks). Fig. 161 . Bud in which styles (asterisks) have become plicate, forming a ventral furrow (arrow) that extends to the apex of each. Fig. 162 . Distal tips of styles have begun to curve outward and the furrows (arrows) are at their apices. Fig. 163 . Longitudinal section of a bud. Distal regions of styles (asterisks) have begun to thicken radially (arrows). Fig. 164 . Longitudinal section of a bud. Radial thickening (arrows) of distal lobes of styles (asterisks) has resulted in a prominent capitate region. Fig. 165 . Bud in which the stylar lobes (arrows) are prominently curved outward, creating a capitate region. Fig. 166 . Capitate style on which the furrows (arrows) extend down the dorsal surface. Tissue adjacent to the furrows has become lip-like, marking the inception of stigma development. Fig. 167 rates during the early phase of stylar elongation (until about the time when the stylar lobes curve outward) (Figs 159-161 ), but ultimately the synorganized portion of the styles elongates much more than the free lobes (Figs 162, (165) (166) (167) . The growth in the styles that results in the extension of the furrow to and over their apices also is associated with the outward curvature of the free tip of each style (Figs 161, 162, 165) . The outward curvature of the free portions of the styles creates the appearance of radial plications when the style is viewed from above ( Figs  165, 168) . Growth in the stylar apex is centred primarily in the region in which the furrow is exposed on the dorsal and distal regions, and it accentuates the arc of the furrow (Figs 165-168) . Radial thickening subjacent to the lobe apices creates a head-like region at the apex of the style and masks the 'free' nature of the lobes (Figs 163-167) . The area surrounding the furrow on the free portion of the style enlarges as the tips curve outward (Figs 166, 167 ). These bulges along the furrows form the stigmas (Figs 166-169 ). As the stigmas enlarge, cells along the furrows differentiate as papillae (Figs 168, 169 ). These stigmatic papillae form secretions as the flower enters anthesis.
Pileostegia
Following sepal initiation, the floral apex is largely flat (Figs 171, 172) . The hyponastic curvature of sepals begins concomitant with corolla initiation (Fig. 173) . Corolla development begins with the formation of individual petal primordia in alternisepalous positions (Fig. 173) . The entire corolline area, including the regions between the independent petal primordia, extends upward to form a low, saucer-like area. This development of the corolline saucer accompanies the conformation shift in the floral apical meristem from flat to concave (Figs 173, 17 4) . The androecium is diplostemonous (Figs 175-177) , and, by the time antesepalous stamens are established, the triangular petals have begun to curve hyponastically over the floral apical meristem. These petals are tightly appressed laterally, and their apices point downward at the centre of the bud. The margins of adjacent petals fuse postgenitally, especially near their apices, during bud expansion, creating a calyptrate corolla that abscises as a unit at anthesis. Carpellary primordia form in antepetalous positions (Fig. 176) . The antepetalous stamens form after the carpellary primordia are initiated (Fig. 177) .
As in the cliplostemonous Hydrangea and Schizophragma, the antepetalous stamens curve downward as they elongate and are tucked between the antesepalous stamens (Figs 179-183) . The adaxial faces of the anthers of antesepalous stamens rest against the surface of the style during bud development ( Figs   FLOWERS OF HYDRANGEEAE 169 180-183). The filaments of the antesepalous stamens elongate extensively prior to anthesis and form folds to accommodate their length in the tightly packed bud. The stamens remain tightly aggregated over the course of bud enlargement, and their rapid elongation at the beginning of anthesis causes them to become erect and spread away from one another as they push off the abscised calyptrate corolla.
Gynoecial development is very similar to that in Schizophragma. The superior portion of the gynoecium forms both a synorganized zone and a distal zone of free lobes. Both zones contribute to the development of the styles. Unequal vertical extension between the dorsal and ventral sides of the stylar lobes causes the furrow to extend over the stylar apex (Figs 180, 181) . Growth in the apical dorsally and ventrally furrowed zone of the style extends the relative length of style that includes a dorsal furrow. The apex of the style also undergoes radial growth that gives it a capitate form (Figs 182, 183 ), although the distal stylar lobes do not curve prominently outward. A stigma differentiates around each furrow where it is positioned on the dorsal and apical part of the stylar head (Fig. 40) .
Decumaria
The floral apical meristem remains broadly convex during calyx initiation in Decumaria (Figs 184, 185) . The sepals are relatively small and have not begun hyponastic curvature at the time that a corolline rim appears just above them on the floral apex (Fig. 186) . This corolline torus forms before the last sepal primordia arise (Fig. 186) . Toral upgrowth is limited, and the individual petal primordia arise rapidly on its rim (Figs 186-188 ). The inception of the petal primordia marks the shift in the conformation of the floral apex from convex to concave (Figs 186, 187) .
Petal primordia form generally in alternisepalous positions, although this does not always occur because of meristic differences between the calyx and corolla (Fig. 188) . The different numbers of appendages in the calyx and corolla create positioning variations that include the formation of petals in median, or near median antesepalous positions as well as the origin of two petals in some alternisepalous positions (Fig. 188) .
These primordium siting variations carry over to androecial development (Hufford, 1998) . It is important to indicate here only that Decumaria has a polystemonous androecium, and that the first whorl of stamens generally form in antesepalous positions . The positioning of some petals in antesepalous positions can cause shifts in the siting of the initial stamen primordia. Despite the variations, Decumaria proceeds through the formation of lateral flanking stamens in association with each of the stamens that formed in the initial whorl of the androecium Fig. 178 . Section of a bud from which the perianth has been removed. Lateral wall ingrowth (arrows) has begun in the ovary. Fig. 179 . Distal view of bud from which the perianth has been removed. Stamens have begun anther differentiation. Stylar lobes indicated by asterisks. Fig. 180 . Bud from which the perianth has been removed. The stylar lobes (asterisks) have begun to curve outward. Fig. 181 . Bud from which the perianth has been removed. Expansion of the stylar lobes has closed the apex of the gynoecium. The stylar furrows are orientated distally. Antepetalous stamens (arrows) are tucked under the antesepalous stamens. Fig. 182 . Bud from which the perianth and selected stamens have been removed to show the radially expanded stylar head. Antepetalous stamens have anthers orientated downward. (Figs 190, 191) . Lateral flanking stamens do not form if the stamens of the first whorl are positioned directly adjacent to one another, leaving insufficient space for the initiation of a lateral flanking stamen (Fig. 192) .
Hyponastie curvature begins in the sepals near the time when the first stamens are initiated (Figs 188, 189) . At this time, however, the sepals are still relatively small, extending just above the distal tips of the peg-like petal primordia. As the stamens elongate, those of the initial whorl (usually in median antesepalous positions) angle against the stylar lobes (Figs 192, 193) , and the lateral flanking stamens project horizontally over the ovarian dome where their apices rest also against the style.
The floral bud is still open (not enclosed by either calyx or corolla) at the time of gynoecial inception (Fig.  189) , which occurs after the formation of the first whorl of stamens. Tissue of both the synorganized zone and separate distal lobes of the superior region of the gynoecium are incorporated in the development of the style (Figs 193, 198) . Growth in the synorganized region is more extensive than that in the distal lobes, which extend little after the carpels enter the phase of development in which they obtain a cowl-like form (195) (196) (197) .
The apex of the gynoecium closes in association not only with a radial thickening of the carpels but also with a lateral flattening of the flower (Fig. 193) . It is after the apical closure of the gynoecium that unequal growth in the stylar lobes causes the extension of the 'ventral' furrow to and over the apex of the lobes (Figs 192, 193, 197, 198) . As in Schizophragma, the individual stylar lobes eurve outward during this phase of development (Figs 193, 194) . A swollen stylar apex (Fig. 194) arises through coordinated radial expansion in the region of the outward curved lobes and vertical extension in the region where the furrow curves over the stylar rim. The capitate style is largely unlobed in D. barbara (Fig. 41) but is highly lobed in D. sinensis (as in Schizophragma). These contrasting forms arise because of differences in the distribution of radial growth as the stylar apex is expanding into a head-like region. In D. barbara, the radial growth is expressed largely equally around the entire circumference of the stylar apex; whereas, in D. sinensis, the growth is localized in the lobes and occurs only to a limited degree in the sinuses between them. The tissue adjacent to the furrows on the broadly curving area of the distal and dorsal sides of the capitate style forms papillae as it differentiates as stigma (Fig. 42) .
Dichroa
The floral apex flattens during sepal initiation (Fig.  199) . Individual petal primordia arise in alternisepalous positions without the formation of a preceding corolline torus (Figs 200, 201) . The conformation
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shift from a convex to concave apex occurs at the initiation of the petals . Hyponastic curvature in the earliest sepals begins during corolla organogenesis (Fig. 202) . The sepals elongate sufficiently to curve well over the petals before the inception of the androecium. The diplostemonous androecium and gynoecial torus arise as in Hydrangea (Figs 203-208) .
During the initiation of the androecium, the petals shift from their initial peg-like forms to become dorsiventrally flattened (Fig. 203) . Their apices change from rounded to acute (Fig. 204) . By the initiation of the gynoecium, the acute apices of the petals extend downward in the centre of the floral bud (Fig. 204) .
The anthers of antesepalous stamens rest against the surfaces of the styles during most of bud enlargement (Figs 207-209) . The antepetalous stamens, as in most investigated species of Hydrangea, begin to curve downward about the time of anther differentiation (Figs 208, 209) . The sharp hook at the distal end of the filament in Dichroa is maintained over the course of anther development. The anthers of antepetalous stamens develop with their apex positioned against the ovarian dome and their abaxial face against the styles (Fig. 215) .
In the gynoecium, both the distal separate lobes and part of the synorganized region are incorporated in the development of the style (Figs 210, 211, 213) . Growth in the synorganized region is limited compared to that in the distal lobes. Unequal growth in the stylar lobes leads to the extension of the 'ventral' furrow to and over the apex of their apices . Elongation occurs over the length of the separate styles, including the zone at the apex in which the furrow extends down the dorsal side (Figs 210, 211, 213) . In postanthetic flowers, up to approximately a third of style length consists of that portion which has a furrow on the dorsal side (Fig. 51) . On the ventral side of each separate style, the lateral walls fuse across the furrow over most of their length from the base to near the stylar apex. A prominent stylar canal extends through each style. The region adjacent to the furrow in the upper one-third to one-fourth of its length on the ventral side, over the apex and along its full extent on the dorsal side becomes the stigmatic zone . Cells of this zone form papillae during late preanthetic development (Fig. 214) .
DISCUSSION MERISTIC VARIATION
Flowers of Hydrangeeae display considerable meristic variation. This variation extends across hierarchical levels, including within inflorescences. For example, intra-inflorescence variation has been observed in the perianth of Deinanthe caerulea and is very commonly Fig. 202 . Bud after the formation of the corolla. Fig. 203 . Bud during the initiation of the whorl of antesepalous stamens (arrows). Scale bar= 0.05mm in s=sepal; stl=style. seen in the gynoecium of species of Hydrangea (flowers form either two or three carpels; McClintock, 1957) . Intra-individual meristic variation makes characters based on merosity largely inapplicable for phylogenetic analyses (e.g. they were not used in Hufford, 1997a) . Some meristic attributes, such as stamen numbers, Fig. 209 . Androecium has antepeta lous stamens with curved filaments and anther s orientated downward. Thecae h ave differentiated in the antesepalous stamens. Furrows (arrows) extend over the stylar apices and on the dorsal sides of styles. Fig. 210 . Styles have a synorganized basal zone. The dista l portion of the style has undergone elongation, resulting in t he extension of the region that has a dorsal furrow (arrows). (Klink, 1995) . These staminodes remain very small in female flowers of Broussaisia and have no known reproductive functions.
As has been observed in other taxa, such as the corolla in some species of Besseya (Hufford, 1995) , in which extensive size reductions have occurred and selection has been relaxed on function, meristic variation within inflorescences can be extensive and irregular (Endress, 1994) .
It is common among various clades of eudicots for the androecium and gynoecium to have different numbers of appendages (e.g. five stamens and two carpels among most higher asterids). It is relatively uncommon for these meristic mismatches to occur between the calyx and corolla. Such mismatches were common in both Decumaria and Deinanthe and appear to have arisen separately in these two genera. In both cases, the meristic mismatch in the perianth creates irregularities in the siting of primordia during organogenesis. For example, both genera have the antesepalous, rather than alternisepalous, siting of late forming petals. The formation of antesepalous petals extends primordium siting problems into the androecium. These are particularly prominent in Decumaria, in which the polystemonous androecium appears to consist largely of antesepalous triplets that are sometimes only partially developed because of primordium siting problems (Hufford, 1998) .
Decumaria, whose name reflects the relatively high merosity of its flowers, has more sepals, petals, and carpels per flower than are found generally among other members of tribe Hydrangeeae. The highest merosities found among Hydrangeeae, except Decumaria, were in Broussaisia, Dichroa, and Deinanthe in which hexamery has been observed frequently. Hexamery may be the upper meristic limit in wild types of Broussaisia and Dichroa, but octomery has been observed in Deinanthe. For Decumaria, however, hexamerous perianth whorls were the lower meristic boundary and octomerous the most common. The high merosity of Decumaria flowers is associated not only with the meristic mismatches of the calyx and corolla and the primordium siting problems in the androecium discussed above, but also with irregularly shaped and positioned carpel primordia .
Although Wilkinson & Haugh (1995) suggested that little is known about the regulation of floral organ and whorl numbers, it is reasonable to ask whether developmental genetic data offer insights into the meristic distinctiveness of Decumaria. In Arabidopsis, three categories of genes appear to influence merosity. The first of these might be considered primordium siting genes, such as periantha (pan; Running & Meyerowitz, 1996) , that regulate the distance between primordium initiation sites. The effects of the primordium siting gene pan are highly localized in Arabidopsis only to a single whorl. The second category are genes that set domain boundaries (cadastral genes), such as superman (Bowman et al., 1992) . Mutations in these genes affect one or two whorls (e.g. mutations in superman can cause an increase in stamen number and a corresponding decrease in carpel number; Bowman et al., 1992) . The third category, including genes such as clauata (Clark, Running & Meyerowitz, 1993 and fasciata (Leyser & Furner, 1992 ) may indirectly influence merosity by modifying meristem capital (including size and cell numbers). Mutations in meristem capital genes modify organ numbers across domains, including generally each whorl.
Because flowers of Decumaria have higher numbers of appendages in each floral series than found among its closest relatives, it seems most reasonable to infer that its meristic distinctiveness has arisen through a modification iin a meristem capital gene. Further support for this proposal can be found in the irregular shapes and positions of carpels during early floral ontogeny of Decumaria , which are similar to irregularities in fasciated mutants of Lycopersicon found by Szymkowiak & Sussex (1992) . Szymkowiak & Sussex (1992) have shown that mutations to fasciata impact meristem capital, particularly through changes mediated in the L3 region of the apical meristem (cf. Fleming & Kuhlemeier, 1994) , and that meristic increase is one of the consequences.
PERIANTH MORPHOLOGY
Aestivation
Hydrangeaceae, as well as other Cornales, typically have a calyx with valvate aestivation. The imbricate aestivation of Deinanthe is not only autapomorphic for tribe Hydrangeeae but also exceptional in the family. This shift toward imbrication is associated with another autapornorphy of Deinanthe at the level of tribe Hydrangeeae;. namely, its possession of entirely free sepals. Other Hydrangeeae, as well as members of other clades in the family have a slight basal connation among the sepals. Endress (1994) has noted the association between valvate aestivation and synorganization in perianth whorls and commented on the possible difficulty of having connation develop in appendages that have imbricate aestivation. The associated shifts to imbrication and loss of connation may be developmentally correlated in Deinanthe.
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An imbricate aestivation for the corolla appears to be plesiomorphic for the family (Hufford, 1997a) . The imbricate corolla of Cardiandra and Deinanthe is a plesiomorphy they share with more basal clades of the family. The origin ofvalvate aestivation in the corolla is a derived feature shared by members of the Hydrangea clade (Fig. 216) , although it occurs also as an evolutionary parallelism in some species of Deutzia (Hufford, 1997a) .
The origin of valvate corolla aestivation in the Hydrangea clade appears to be associated with a change in petal shape. Flowers of other clades of Hydrangeaceae have petals with either a claw and broad, rounded limb or an ovate shape (Hufford, 1997a) . In contrast, most flowers of the Hydrangea clade have petals with nearly parallel sides and an acute apex (Hufford, 1997a) . In Decumaria, which has an evolutionary reversal to a more ovate petal shape, the adjacent petals are separated by a slight gap. As noted above, the corolla of Decumaria superficially appears to be imbricate, but this is only because it generally has both an inner and outer set of petals.
Early ontogeny of perianth
The investigated members of tribe Hydrangeeae display a range of floral forms during the ontogeny of the perianth. These are centred in (1) the level at which sepals are positioned on the dome of the floral apical meristem, (2) the extent of sepal development at the time the corolla is initiated, (3) whether corolla initiation begins with the inception of independent petal primordia or a toral mound, and (4) the relative time at which the transition from a convex to concave floral apical meristem occurs. There is a one-to-one correlation between the formation of sepals high on the floral apical meristem (only a short, shallowly convex or even flattened apical meristem remains after sepal initiation) and sepal primordia that are well developed (i.e. have elongated sufficiently to begin curving hyponastically toward the centre of the flower) at the inception of the corolla among the examined taxa. These two associated states are plesiomorphic for tribe Hydrangeeae. The formation of sepals high on the floral apical meristem and having well developed sepals at the inception of the corolla are strongly associated with having corolla development begin with the inception of independent petal primordia. In contrast, taxa in which the sepals are initiated low on the apical meristem and have limited development of the sepal primordia at the time of corolla inception also generally begin corolla development with the formation of a toral mound rather than independent petal primordia. Hydrangea arborescens is the only clearcut exception to this generality. It has sepals initiated low on the apical meristem and limited development of the sepal primordia at the time of corolla inception, but the beginning of its corolla development is marked by the initiation of independent petal primordia. Both H. heteromalla and H. quercifolia, in which it is unclear whether independent petal primordia or a toral mound arises first at the inception of the corolla, also have the sepals initiated low on the apical meristem and limited development of the sepal primordia at the time of corolla inception. Although these morphological differences during the early ontogeny of the perianth do not have distinctive effects on postanthetic floral forms, they may be linked ultimately to the dramatic reduction in sepal size characteristic of most members of the Hydrangeeae. If sepal size is limited relative to the size of the stamens and superior portions of the gynoecium, then a transition from the sepals to petals as protective structures must occur during bud development. Limitations on sepal growth that prevent them from serving as protective structures throughout preanthetic bud expansion could effectively enhance selection for a greater rate of corolla development, especially during its early phases, to ensure adequate protection of the anthers and stigma. Thus, these differences in early perianth development observed in the Hydrangeeae may be evolutionary responses to a shift to short sepals and the consequent selection for greater rate of corolla development. Indeed, the low positioning of the sepals on the apical meristem at the inception of the calyx in some examined taxa may actually reflect the precocious development of the corolla rather than a change in the calyx itself. That is, the prominent high, rounded apical meristem that is characteristic of a 'low' positioning of the sepals may be the critical morphological change; viz. an earlier investment in meristematic capital has been made in order to accommodate a precocious, potentially more rapid, inception of the corolla.
It is difficult to assess the origin and evolution of these novelties that appear to be associated with a precocious development of the corolla. This is a consequence of both the largely unresolved phylogenetic relationships and limited sampling of early floral ontogenies among species of the Hydrangea clade. If we use the strict consensus cladogram from the phylogenetic analysis of plastid DNA gene matK, then our current data support a single origin of the highly correlated states of a low initiation position for the sepals on the apical meristem and a limited development of the sepal primordia at the time of corolla inception. This attribute is lacking in the macrophylla clade, which is placed in the matK results as the sister to the rest of the Hydrangea clade. Within the Hydrangea clade, the high initiation position for sepals on the floral apical meristem and well developed sepals at the inception of the corolla in Pi leostegia is a reversal in this genus to the more plesiomorphic conditions. The evolution of a prominent torus rather than independent petal primordia at the inception of the corolla is more equivocal, although the data and phylogenetic knowledge at hand indicate that this character is homoplastic within the Hydrangea clade.
An initial coralline torus is particularly prominent in H. anomala, H. serratifolia, and Schizophragma (although it is not as large in the latter as in the two former taxa). These three taxa are also different from other Hydrangeeae in having the transition from a convex to a concave apical meristem occur prior to the formation of individual petal primordia. This difference in the timing of the conformation change in the apex may primarily reflect a delay in the initiation of petal primordia in these taxa. Two of these taxa, H. anomala and Schizophragma, have a slight basal connation among the petals, and the heightened toral growth during early corolla development is the basis of this synorganization. Cladograms based on the plastid gene matK indicate that H. anomala is the sister clade of Hydrangea subg. Cornidia, a monophyletic group that includes H. serratifolia ). It will be important to discover whether other species of subgenus Cornidia also have the heightened toral growth. If so, then the suite of forms present during early development of the corolla of H. ana mala and H. serrati/alia are likely to be shared-derived features. The lack of resolution of the broader set of relationships among clades in tribe Hydrangeeae makes it unclear whether the heightened toral growth and basal connation of the petals in Schizophragma are shared-derived features or homoplastic.
Calyptrate corullas
Hydrangea anomala and Pileostegia have calyptrate corollas (also observed in one population of Schizophragma hydrangeoides). The petals of both genera fuse postgenitally along their margins. Pileostegia has weaker fusions along much of the length of the petals than is present in Hydrangea anomala. Petals are most strongly coherent in Pileostegia at their apices. Both the morphological and plastid DNA-based cladograms indicate that the postgenital fusion and resulting calyptrate corolla evolved independently m Hydrangea anomala and Pileostegia.
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Polystemony
The patterning of androecial evolution in the Hydrangeaceae remains largely equivocal; however, within tribe Hydrangeeae, the Hydrangea clade has diplostemony as its plesiomorphic state (Fig. 217) . Haplostemony is shared only by the two species of Dichroa section Siluicola (Hwang, 1987) . Polystemonous androecia have evolved in parallel in three terminal branches of the Hydrangea clade ( Fig. 217): (1) Decumaria, (2) Hydrangea anomala subsp. petiolaris, and (3) Platycrater. Platycrater differs from the other two polystemonous taxa in having a high stamen number comparable to those of Carpenteria and Deinanthe (Hufford, in press) . Specimens for the investigation of floral development in Platycrater have not been available, and its androecial ontogeny is unknown. Both Decumaria and Hydrangea anomala subsp. petiolaris have relatively low stamen numbers, and their androecial ontogeny is limited generally to the formation only of antesepalous triplets (Hufford, 1998) . All investigated polystemonous taxa in the family have in their androecial development the presence of antesepalous triplets as an ontogenetic state (Hufford, 1998) . Thus, the two homoplastic origins of polystemony in Decumaria and Hydrangea ana mala subsp. petiolaris not only converge independently on the same initial steps of androecial development but also end at the same ontogenetic state. Few other polystemonous members of the family have low stamen numbers such as are present in Decumaria and Hydrangea anomala subsp. petiolaris, although this is characteristic of New World species of Deutzia. Androecial development has not been investigated in the New World Deutzia, but it will be important to discover whether they display another separate origin of polystemony centred only in the formation of antesepalous triplets. Cardiandra, which also has a relatively low number of stamens per flower, differs consistently from Decumaria and Hydrangea anomala subsp. petiolaris only in the formation of median antepetalous stamens after the inception of its anteseplous triplets (Hufford, 1998) . Unlike Cardiandra, its sister genus Deinanthe has a much more elaborate polystemonous androecium centred in the formation of several whorls of stamens on a relatively extensive epigynoecial zone of the hypanthium. The three genera, Deinanthe, Philadelphus, and Carpenteria, in which stamen numbers are relatively high and for which androecial development has been investigated, have unique features in their androecial development, or at least the pattern of stamen initiation differs (e.g. in Philadelphus and Carpenteria; Hufford, 1998) . Thus, despite highly conserved initiation sequences and positions for stamens early in the ontogenies of polystemonous androecia,
they can be elaborated variously in ways that not only provide for a range of stamen numbers but also reflect differences in the construction of flowers.
The shifts between polystemony and diplostemony in Hydrangeeae are interesting in regard to the discussion above on the genetic basis of meristic change in Decumaria, which fits with expectations of modifications to genes that affect meristem capital based on observations in Arabidopsis and Lycopersicon. Deinanthe has increased petal and stamen numbers compared to close relatives and is unlike Decumaria, which has higher merosity in each floral series. The pattern in Deinanthe corresponds most closely to what we would expect from a modification to a cadastral gene(s) based on observations in Arabidopsis (Bowman et al., 1992) . Because the polystemony of Cardiandra, Hydrangea anomala subsp. petiolaris, and Platycrater is not associated with meristic increases in other floral whorls, it seems unreasonable to suggest that shifts to higher stamen numbers are the result of genes that affect meristem capital. It might be more reasonable, based on currently available data from Arabidopsis, to infer that their higher stamen numbers are also a consequence of changes in the expression of cadastral genes that impact domain boundaries, at least in Platycrater. The domain of the antesepalous triplets of Cardiandra and Hydrangea ana mala subsp. petiolaris has not expanded beyond that used for stamens in taxa with diplostemony; thus, these two taxa may possibly reflect changes in primordium siting genes (Running & Meyerowitz, 1996) . These inferences are particularly interesting because both Hydrangea anomala subsp. petiolaris and Decumaria have androecia with stamen primordia positioned in antesepalous triplets, but they may have increased stamen numbers and assumed this distinctive positioning of stamens in association with different genetic changes.
Orientation and packing
All investigated diplostemonous taxa of Hydrangeaceae have the same organogenetic sequence and FLOWERS OF HYDRANGEEAE 181 positions for their two whorls of stamens. Although stamens in the two whorls have similar ontogenies, leading to antesepalous and antepetalous stamens that have largely the same form, the orientations of the stamens differ between the two whorls. The antesepalous stamens have more-or-less straight filaments and anthers that angle upward; whereas, the antepetalous stamens are orientated downward. This orientation difference may have evolved largely as part of an effective packing strategy. Indeed, the appendages of diplostemonous flowers are tightly packed during the bud enlargement phase of development. This tight packing would probably not be possible without the differences in orientation between the stamens of the two whorls. In lieu of orientation differences, size differences between the antesepalous and antepetalous stamens would have had to have evolved as an alternative to achieve the present state of tightly packed appendages. The size differences between antesepalous and antepetalous stamens in buds near anthesis are relatively small. Antepetalous stamens have shorter filaments than do antesepalous stamens, but anthers in the two whorls are largely the same size.
Decumaria contrasts with other members of the Hydrangea clade in having more loosely packed buds. It lacks the downward orientation of many of its stamens but also has petals that are slightly separate over the course of bud expansion. Thus, this modification of bud packing appears not to be simply correlated with the change to polystemony but is generally associated with the shift to high appendage series merosity. Decumaria contrasts with Deinanthe and Platycrater, the two other members of tribe Hydrangeeae that have high stamen numbers, because they have very tightly packed androecia during bud expansion. Endress & Stumpf (1991) reported for Hydrangea in general that stamens are incurved and the anthers point downward. Various stamens in the polystemonous androecium of Hydrangea anomala subsp. petiolaris, which was investigated by Endress & Figures 217-219 . Character evolution among the Hydrangeeae. The cladogram is the strict consensus tree from the phylogenetic analysis of sequences of the plastid gene matK . Fig. 217 . Androecial states. * Dichroa includes two haplostemonous species (Hwang, 1987) , which are presumably derived in the genus. Fig. 218 . Members of the Hydrangeeae differ in whether the symplicate zone of the gynoecium is restricted only to the ovary (and the style forms a plicate zone) or whether both the ovary and at least part of the style are included in the symplicate zone. Based on the cladogram topology, the presence of a symplicate zone in both the ovary and style has been derived in three clades of Hydrangeeae from the more plesiomorphic condition of having the symplicate zone restricted to the ovary. The extension of the symplicate zone to the style results in stylar synorganization, but synorganized styles have also originated separately in Deinanthe, as shown on the cladogram, via postgenital fusion of the individual styles (A). Fig. 219 . The evolution of the 'Hydrangea floral syndrome' (HFS) traced on the strict consensus cladogram from the phylogenetic analysis of sequences of the plastid gene matK . Stumpf (1991) , loop downward in bud, and this is not particularly associated with stamens in any particular position. The antepetalous stamens of the polystemonous Cardiandra are also slightly bent over, such that their anthers angle downward. However, among the diplostemonous taxa examined here, this orientation is limited only to the antepetalous stamens and is characteristic not only of the diplostemonous species of Hydrangea but also those of Broussaisia, Dichroa, Pileostegia, and Schizophragma. Endress & Stumpf (1991) suggested that anther size was extremely variable in the Hydrangeaceae. Although this may be true at the level of the family, it is not characteristic in tribe Hydrangeeae, in which sampled anthers are small in all taxa, except Dichroa. Anthers of some populations of Dichroa are slightly larger and fit the mid-sized category of Endress & Stumpf (1991) . It is noteworthy that anther size is consistent in this clade despite the shifts between polystemony and diplostemony. For example, the parallel shifts to polystemony in Decumaria, Platycrater, and Hydrangea anomala subsp. petiolaris are not associated with notable changes in anther size.
Stamen morphology
The early ontogenies of stamens are very similar among the investigated taxa, and, indeed, stamen forms differ only slightly among them. The differences found tend to be autapomorphic. For example, Deinanthe and Cardiandra have a greater relative thickness of the connective, Platycrater has a papillate epidermis, Decumaria sinensis has a protrusive connective on the abaxial side of the anther, and some anthers of Dichroa tend to be sagittate. Broussaisia and Decumaria sinensis have in parallel evolved slightly more arcuate anther transections than found in the other investigated taxa, and this is associated with a shift to slightly introrse dehiscence compared to the latrorse found in the rest of the group. Klopfer (1971) has discussed the composition of gynoecia in Hydrangeaceae as having a synascidiate (synorganized with continuous septa) base, symplicate (synorganized with initially discontinuous septa that can become postgenitally continuous) mid region, and plicate (not synorganized) distal zone. The conservation of these three zones in the gynoecia of tribe Hydrangeeae accounts partly for the similar inception and early development of their gynoecia. Gynoecia among members of the tribe differ in the proportions of these primary zones and, especially, in whether part of the symplicate zone as well as all of the plicate zone contributes to the styles or whether the styles are formed entirely by the plicate zone. Having the styles form only from the plicate zone is plesiomorphic for tribe Hydrangeeae and characteristic of Cardiandra, Deinanthe, and all examined species of Hydrangea (Fig. 218) . In contrast, Schizophragma, Pileostegia, Decumaria, Dichroa, and Broussaisia have styles that incorporate symplicate as well as plicate zones in their formation (Fig. 218) . These five genera in which part of the style is symplicate could be considered to have evolved via a developmental transformation that extended the distribution of zonal growth into the stylar region.
GYNOECIAL MORPHOLOGY
Gynoecial zonation
The incorporation of part of the symplicate zone in the style has clearly evolved more than once in tribe Hydrangeeae (Fig. 218) . It is a synapomorphy of Schizophragma, Pileostegia, and Decumaria (Hufford, 1997a) in which it evolved independent of the state in Broussaisia and Dichroa. It is unclear whether Broussaisia and Dichroa share a second origin of basally connate styles or whether these are two additional independent origins. The phylogeny reconstruction based on morphological data (Hufford, 1997 a) supports the placement of Broussaisia and Dichroa as sister taxa in the macrophylla clade, which would be consistent with a single origin of their shared incorporation of the symplicate zone in style development. That hypothesized sister group relationship is not supported by either the rbcL (Soltis et al., 1995) or matK ) data sets, although both rbcL (Soltis et al., 1995) and matK provide modest support for the alliance of Broussaisia with the macrophylla clade (which includes Dichroa; Fig. 1 ). Style development in Dichroa and Broussaisia diverges from an early point in gynoecial ontogeny. Dichroa is autapomorphic in having relatively little vertical extension in that part of the symplicate zone that becomes incorporated in the style (Fig. 218) , especially when compared to the growth in the free portions of the styles. Broussaisia has limited vertical extension in its style (Klink, 1995) , but the growth in the free lobes (plicate zone) is slight and most extension is in the synorganized (symplicate) zone. The proportioned growth of these two regions in the style of Broussaisia is very similar to that found convergently in the SchizophragmaPileostegia-Decumaria clade.
Stylar connation, distal elaboration, and stigma positioning Connate styles form in two ways in tribe Hydrangeeae. As discussed above, most of the taxa, including Schizophragma, Pileostegia, Decumaria, Dichroa, and Broussaisia, that have stylar connation have zonal growth that creates synorganization. This zonal growth, which begins early in the ontogeny of the styles, is centred subjacent to the free stylar lobes. The free lobes are small, except in Dichroa, and most extension is in the symplicate zone. In contrast, stylar connation arises via postgenital fusion of separate styles in Deinanthe (Fig. 218) . Styles of Deinanthe form entirely from extension of the free lobes that developed on the rim of the young gynoecial torus. The lateral fusion of the free styles occurs relatively late in bud development.
Given the positioning of most ovules in the symplicate zone of the ovary of Hydrangeeae, synstyly may be advantageous in providing a compitum in which pollen tubes can cross between carpels. In Hydrangea, Platycrater, and Cardiandra, in which the styles are entirely separate and the ovarian septa are discontinuous over most of the placental region, the compitum may be practically limited to a brief transition zone between the styles and the apex of the ovary.
The positioning of stigmas differs in taxa that have completely connate styles from those that have separate styles (i.e. Cardiandra, Hydrangea, and Platycrater) or a relatively short region of stylar synorganization (i.e. as in Dichroa). These taxa in which styles are separate or have only a short basal connation have stigmas that are largely limited to the terminus of the style, although they may extend for a short distance down the ventral side. In contrast, those taxa with completely connate styles have stigmas that project from or extend prominently along the dorsal side of the synorganized style. Completely connate styles clearly preclude having a stigma on the ventral side of individual styles. The shift in position and elaboration of stigmas in those taxa with completely connate styles goes well beyond circumventing the loss of availability of the ventral surface of individual styles. For example, Schizophragma, Pileostegia, Decumaria, and Broussaisia have prominently capitate styles and Deinanthe has a style with a 'bottle-brush' form. The bottle-brush form of Deinanthe develops through localized radial thickening in the regions surrounding the furrow on the dorsal side of the style. The capitate styles of Schizophragma, Pileostegia, Decumaria, and Broussaisia have more elaborate developmental patterns that include not only radial growth in the apical zone of the style but also an arcuate zone of growth at the very apex of the style. There are subtle variations in the locations of growth in the distal zones of styles of these four genera, but they are generally very similar. In comparison to Decumaria and Pileostegia, Schizophragma is distinctive in having radial growth accentuated in the tissues directly adjacent to the dorsal furrows, and this creates a set of more pronounced lobes than are present in the other two. The least lobing of the capitate apex is present in Decumaria barbara because of its greater radial growth in the sinuses between the stylar lobes than in the lobes themselves.
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Stigma development
Despite the differences in stigma size and position discussed above, the development of stigmas is similar among the investigated taxa, except in Deinanthe. Unlike most Hydrangeeae, in which the epidermal cells of the stigmatic zones form papillae, Deinanthe displays a more elaborate phase of cell elongation (associated with the enlargement of the stigmatic zone) and smoothing of the surface of the stigmas. As the stigma surfaces become smooth, they begin to produce exudate. The stigmatic zone of Deinanthe is particularly extensive, and its size may be associated with the high number of ovules found in the ovary. The high number of ovules in Deinanthe may require a correspondingly large stigmatic zone to permit a sufficient number of pollen grains to contact the stigmatic secretions and avoid the problems of pollen clogging.
Ovule orientation
Various ovule orientations were found among the examined members of tribe Hydrangeeae. Generally, taxa with the smallest ovules held them horizontally (or perpendicular to the curved face of a placenta). Taxa that have larger ovules tend to direct them either upward or downward. For example, the clade consisting of Schizophragma, Pileostegia, and Decumaria is characterized by some of the longest seeds in tribe Hydrangeeae and among the longest of the family (Hufford, 1995) . Schizophragma, Pileostegia, and Decumaria share the origin of downward orientation of the ovules. An upward orientation has evolved in parallel in Cardiandra and H. heteromalla (based on the phylogenetic results of Hufford, 1997a) . The dadogram based on the morphological data in Hufford (1997a) shows that H. heteromalla may be one of the closest relatives of the SchizophragmaPileostegia-Decumaria clade, and, if true, then there may have been a single change toward longer ovules in the more inclusive group that includes the former species but different ovule orientations were assumed.
IDIOBLASTIC CELLS
Idioblasts that bear bundles of raphide crystals are a derived feature of Hydrangeeae (Hufford, 1997a; cf. Gibbs, 1974) . These cells, including those found in this investigation to be widespread in floral tissues and reported by Gregory (1998) in vegetative tissues, differ from the crystalliferous idioblasts found in the rest of the family in also being filled with mucilage. Mucilage cells, whether or not associated with crystals, have not been found in Hydrangeaceae outside of tribe Hydrangeeae (cf. Gregory, 1998) . Endress & Stumpf (1991) reported the presence of mucilage ducts in the anthers of Hydrangea. Such ducts have not been observed in this investigation. All mucilage bearing structures found in this investigation were crystalliferous cells. Endress & Stumpf (1991) reported that tanniferous cells are generally lacking in stamens of Hydrangeaceae. The broader sampling ofHydrangeeae here has shown that tanniferous cells are uncommon in stamens, although they are prominent in the anther connectives of Cardiandra. Tanniferous cells, however, are prevalent in non-androecial tissues of other Hydrangeeae (except Decumaria barbara and Dichroa, in which they are largely lacking).
SEXUAL SYSTEMS
Little is known about reproductive strategies and sexual systems in Hydrangeeae. Some key morphological modifications in Hydrangeeae are beyond the scope of the present study because they are centred in the inflorescence. For example, most members of tribe Hydrangeeae have a higher number of flowers per inflorescence than found in other members of the family, but their individual flowers are notably smaller (Hufford, unpubl. data) . Within the Hydrangeeae, Deinanthe and Platycrater are exceptions in having relatively large flowers (comparable to those common in tribe Philadelpheae and subfamily Jamesioideae) and lower numbers of them per inflorescence (Hufford, unpubl. data) . Another inflorescence level modification is the formation of dimorphic fertile and sterile flowers (Fig. 1) .
Although sterile flowers are present in the inflorescences of most Hydrangeeae, McClintock (1957) reported that sterile flowers were always absent in various species of Hydrangea section Comidia (e.g. H. serratifolia) and usually absent in H. diplostemona Standley. Outside of section Comidia, McClintock (1957) reported only H. hirta to lack sterile flowers. This lack of sterile flowers in H. hirta is interesting because it is a member of the macrophylla clade based on the matK ) and morphology cladograms (Hufford, 1997 a) (it was not sampled for rbcL by Soltis et al., 1995) , which also includes Broussaisia and Dichroa. The morphology cladograms (Hufford, 1997a) support the monophyly of H. hirta, Broussaisia and Dichroa on the basis of sterile flower loss. Based on the matK cladograms, it is unclear whether the absence of sterile flowers in the macrophylla clade is plesiomorphic or an independent loss within the Hydrangea clade. Thus, it is equivocal whether the formation of inflorescences that lack sterile flowers in Broussaisia is homologous with the formation of similar inflorescences in Dichroa and H. hirta.
Dioecy is known in Hydrangeaceae only in Broussaisia. Male flowers of Broussaisia look similar superficially to the bisexual flowers of other Hydrangeeae. The female flowers of Broussaisia differ more from the bisexual flowers of other Hydrangeeae. Female flowers of Broussaisia have only small triangular or ovate petals and either small, undifferentiated staminodes or no androecial organs (Fosberg, 1939; Carlquist, 1974; Klink, 1995) . Klink's (1995) developmental study of male flowers of Broussaisia shows that during organogenesis they are very similar to the forms found here in Hydrangea and, especially, Dichroa. For example, male flowers of Broussaisia and Dichroa (particularly D. febrifuga) compared to the investigated species of Hydrangea have a relatively broad, flat residual apical meristem at the time the gynoecium is initiated. Klink (1995) noted that the stigmatic lobes of male flowers of Broussaisia never reflex and rarely form papillae as they do in the female flowers. From comparisons with the data here, it is clear that development of the style and stigma is retarded relative to that in the androecium. For example, by the time that thecae and, especially, their stomial furrows have been defined in H. macrophylla and Dichroa, the ventral furrow of each style is clearly visible at its apex. These stylar developmental events are delayed in male flowers of Broussaisia compared to H. macrophylla and Dichroa. Klink (1995) variously characterizes the male flowers of Broussaisia as having a superior or inferior ovary; however, his data and that gathered here show clearly that both male and female flowers of Broussaisia are epigynous. The male flowers have much greater extension in the superior region of the gynoecium than in the inferior in comparison to female flowers of Broussaisia and bisexual flowers of other Hydrangeeae. These differences in ovary position between male and female flowers may arise for various reasons. For example, female flowers may have a precocious onset of gynoecial development that may be a response to allocation changes that shift additional resources to ovule development. The more inferior ovary of female flowers may be important for protection of the ovules.
Female flowers of Broussaisia have been transformed by early ontogenetic modifications. Klink's (1995) data show that female flowers are similar to other Hydrangeeae through the initiation of the perianth. The gynoecium is initiated directly after the corolla (without the initiation of any intervening androecial structures). Compared with the forms and sizes of petals at the initiation of the gynoecium in H. macrophylla and Dichroa, the corolla is much less well developed in female flowers of Broussaisia at the time gynoecial inception. It is unclear whether this results from a retardation of petal development, precocious development in the gynoecium (which might be expected as one consequence of shifting more resources to it as a part of the dioecy syndrome), or some combination of the two in Broussaisia.
EVOLUTIONARY PATTERNING OF FLORAL DIVERSITY
One of the most distinctive features of diversity in tribe Hydran,geeae is the similarity of floral forms among the species of Hydrangea. Among the 23 species (35 entities, including subsp.) recognized in the genus by McClintock (1957) , most have small flowers; tetramerous-penta:merous perianths; tiny, inconspicuous sepals; reflexed petals; diplostemony; stamens that are longer than the style; completely inferior ovaries (no superior region, a flat ovary dome, and a hemispheric inferior region); separate styles; largely terminal, papillate stigmas; and dimerous-tetramerous gynoecia. This set of features is characterized here as the 'Hydrangea floral syndrome' (HFS). Taxa that possess the HFS are distributed among the branches of the Hydrangea clade that have been resolved in the phylogenetic analysis based on the plastid genes rbcL and matK. Based on the current limitations of taxon sampling and unresolved relationships among branches of the Hydrangea clade, it is unclear whether the HFS evolved once or had separate independent origins (Fig.  219) . If the HF'S evolved only once, then it clearly has been lost in selected groups of the Hydrangea clade (Fig. 219) . Paleobotanical evidence from seeds and fruits that ally fossils to extant taxa that have the HFS indicate that it has a history that dates at least from the Tertiary (Lancucka-Srodoniowa, 1975; Mai, 1985) .
The monophyletic section Cornidia includes over half of the taxonomic entities (12 species fide McClintock, 1957 ) that possess the HFS. This clade is centred in Central and South America in tropical environments unlike those where most other members of the family are located. The prominent difference between section Cornidia and other taxa that have the HFS is a shift to scandent and climbing shoots, which they share with their sister clade H. anomala. It may have been the exploitation of this growth form novelty in the tropical habitats that permitted section Cornidia to speciate more :readily than other clades in which the HFS is present.
Both the Schizophragma and macrophylla clades are notable for their distinctiveness relative to the HFS. Within the macrophylla clade, H. hirta, H. macrophylla, and, presumably, H. scandens (based on the results of Hufford, 1997a) differ primarily from those Hydrangea speeies characterized by the HFS in having an ovary that is not completely inferior. The two most distinctive members of the macrophylla clade are Broussaisia and Dichroa. The floral modifications of Broussaisia and Dichroa need to be seen in the context of their move into tropical forest environments from FLOWERS OF HYDRANGEEAE 185 the more temperate forests where other members of the macrophylla clade are found. This is not to imply, for example, that the synstyly of both Broussaisia and Dichroa is a response to the tropics but only to suggest that the selection regime facing these two taxa may have been very different from that on other members of the Hydrangea clade. The shift to dioecy in the Hawaiian island endemic Broussaisia fits with observations in various other taxa that have shown this reproductive strategy to be strongly associated with both tropical environments and islands (Bawa, 1980) . The three genera of the Schizophragma clade differ notably from the HFS in the complete synorganization of their styles and the enlargement of their stigmas. These modifications are associated with a shift from interstylar, acrocidal (apical) fruit dehiscence (presumably prohibited because of the synstyly) to seed release via the separation of the intercostal regions of the lateral walls of the fruit. Seed size has also increased in association with this change in fruit dehiscence (Hufford, 1995) . Within this clade, Pileostegia and some populations of Schizophragma hydrangeoides share the origin of calyptrate corollas. Decumaria deviates from Schizophragma and Pileostegia in its shift to higher organ number in its floral whorls.
Flowers of Platycrater are markedly larger than those of other members of the Hydrangea clade. Some of its divergent features, notably its polystemony, may be associated with its larger flower size. The increased flower size in Platycrater is also associated with a decreased number of flowers per inflorescence relative to other members of the Hydrangea clade (Hufford, unpublished data) . Additionally, the inferior region of the ovary of Platycrater is obconic in contrast to the more hemispheric form of other members of the Hydrangea clade.
Homoplasies are common in the floral evolution of Hydrangeeae. Three clades have included shifts from diplostemony to polystemony, three shift to synstyly, and two shift to calyptrate corollas. Synorganization, involved in the multiple origins of synstyly and calyptrate corollas, is prominent among the homoplastic floral transformations among Hydrangeeae. Stylar synorganization is common in Cornales; indeed, in the order it is only selected Hydrangeaceae that have separate or partially separate styles. It is particularly interesting that the shift to synstyly in Deinanthe involves postgenital fusion of initially separate styles; whereas, in the Schizophragma clade, Dichroa, and Broussaisia the shifts have resulted from zonal growth that produced congenitally unified styles.
Outside of the gynoecium, synorganization has generally not been exploited extensively in the floral evolution of Cornales. In Hydrangeeae, synorganization involving both congenital and postgenital unification has evolved in corollas. The postgenital fusion oflateral petal margins has evolved twice (separately in H. anomala and in Pileostegia). Each instance has led to corollas that cannot open at anthesis, and, instead, form calyptra that pop off as the stamens expand. Calyptra evolution may reflect relaxed selection on the corolla because reproductive display functions have been assumed by the inflorescence (both through the presence of sterile flowers and the dense aggregation of a high number of fertile flowers). Calyptrate corollas are uncommon among flowering plants. This synorganization via postgenital fusion that forms calyptra contrasts markedly with the corolla synorganization present in most other Asteridae, viz. the congenital unification ofthe petals to form corolla tube. Corolla tubes appear to be a major innovation of the extremely taxon rich clades of the Asteridae. In the Cornales, one of the earliest evolving clades of the Asteridae, the evolution of well pronounced corolla tubes has been limited to the Loasaceae. Corolla tubes evolved in two clades of Loasaceae, one of which involved congenital fusion (Eucnide section Sympetaleia) and the other postgenital fusion (in Petalonyx) (Hufford, 1988; Moody et al., 2001) . Among Hydrangeeae, pronounced corolla tubes are lacking and the corolla at anthesis is effectively choripetalous. The developmental data, however, have shown that most species have a corolline torus during the early development of the corolla. This is effectively a region of congenital unification of the petals, and, although minimally expressed only during the early development of the corolla, it is the same developmental phenomenon that underlies the development of a corolla tube in most other Asteridae. Thus, Cornales can be perceived as a clade in which experimentation with corolla synorganization has occurred, but it may be homoplasious with the sympetaly that has become highly canalized in most higher asterids after the association of the corolla tube and haplostemony.
